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Available online 22 April 2015AbstractBackground/Objective: This study aimed to characterize pedometer-determined physical activity (PA) patterns in segmented school days among
Hong Kong primary school children.
Methods: Participants were instructed to wear pedometers for 4 consecutive days. The overall step counts and counts at specific periods (e.g.,
after school, recess, and lunch) during the test days were recorded.
Results: Of the 74 recruited participants, 68 (41.2% boys, aged 10 and 11 years old) provided valid data. The mean total daily steps over the 4
test days ranged from 9064 to 9714 (standard deviation ¼ 3140e3471 steps). The periods that contributed most toward total daily steps were
after school (34.2%), recess (14.0%), and physical education (PE) classes (12.3%). Overall, Student t tests revealed that boys were more active
than girls. More active children (daily step average above the sex-specific median value) accumulated significantly more steps during recess and
after school than less active children (daily step average below the sex-specific median value) in both sexes (mean differences ranged from 507
steps to 1977 steps). A mixed model analysis of variance (ANOVA) revealed that students accumulated 914 steps more on days that included PE
classes than on days without PE classes. A three-way ANOVA found no significant differences in body weight status (normal weight vs.
overweight and obesity) and travel mode (active vs. passive modes).
Conclusion: The findings provide a better understanding of PA patterns and the contribution of the distinct segments within a school day to
children's PA. This information may assist in developing more effective, appropriate, and timely school-based PA interventions for children in
Hong Kong.
Copyright © 2015, The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier (Singapore) Pte Ltd. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Physical activity (PA) is defined as any bodily movement
produced by skeletal muscles that require energy expenditure.1
Conclusive evidence confirms that frequent PA substantially
enhances the physical fitness and health status of children. The
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CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).fat, more favorable cardiovascular and metabolic disease risk
profiles, enhanced bone health, and reduced symptoms of
anxiety and depression.1,2 In addition, physically active chil-
dren have higher levels of cardiorespiratory fitness, muscular
endurance, and muscular strength. By contrast, physical inac-
tivity has been identified as the fourth leading risk factor for
global mortality causing an estimated 3.2 million, or 6%, deaths
worldwide.1 The World Health Organization (WHO) has rec-
ommended that children aged 5e17 years should accumulate at
least 60 minutes of moderate-to vigorous-intensity PA (MVPA)
daily.1 However, a population-based study in Hong Kong
revealed that only 8.3% of children (aged 7e12 years) meet theitness. Published by Elsevier (Singapore) Pte Ltd. This is an open access article under the
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may be one of the most inactive child populations in the world.3
As such, it is of utmost importance to improve PA levels among
children in Hong Kong.
However, the improvement of PA in school children is
difficult to achieve without first understanding PA patterns.4
Many studies that have attempted to address this issue have
been over-reliant on self-report methods due to their practi-
cality and ease of administration.5 However, research con-
ducted with self-report methods has revealed problems in
quantifying overall PA trends.5 As such, researchers have been
encouraged to adopt objective PA measures. The pedometer is
one such objective measure, which is a low-cost, unobtrusive,
reliable, and valid tool, and has been used in recent studies
assessing children's PA.6,7
The school day offers distinct periods, or segments, within a
structured environment namely, the school commute, recess,
lunchtime, physical education (PE) class time, and after school.
The PA conducted within these periods can be used to under-
stand the contribution of each segment to children's daily PA,
and to highlight which of those may have the most potential for
effective PA interventions. However, only limited data are
available on PA during specific segments of the school day, and
such data are even more limited among Chinese children.
The present study primarily aimed to characterize Chinese
children's pedometer-determined PA levels (daily steps) dur-
ing the segmented school day. Differences, according to the
segmented day, in daily steps were also explored across sex,
age, body weight status, travel mode, and PE class groups. In
addition, the contribution of each distinct time segment to the
daily step count was examined. Findings from this study may
help in designing effective, tailored, school-based in-
terventions to enhance children's PA levels and provide useful
options for the treatment of childhood obesity.
MethodsParticipantsSeventy-four students (aged 10- and 11-years) were
recruited from four Grade 5 classes in one Hong Kong primary
school. All participants were under the instruction of the same
PE teacher, and there were no interclass differences in PE class
frequency, duration, content, or other PA-related programs
offered by the school. Thus, the class was not regarded as a
factor, and therefore was not controlled for in the data analysis.
The participants were from similar middle-class, socioeco-
nomic backgrounds, and represented typical Hong Kong
middle-class families in housing type, amount of leisure time,
and family income. The majority of students lived in private
residential estates, and had free time after school for engaging in
various activities. Informed written consent was obtained from
all parents (or guardians) prior to data collection. Participants
were also informed that their participation in the study was
voluntary and they could withdraw from the study at any time.
Ethical approval was obtained from the Ethics Committee of
Hong Kong Baptist University, Kowloon Tong, Hong Kong.Data collectionParticipants' PA levels were assessed using YAMAX pe-
dometers (SW 700; YAMAX Corporation, Tokyo, Japan) over
4 consecutive school days. YAMAX pedometers have been
validated elsewhere in the literature among children.8 The 4-
day evaluation period is recommended as a sufficient length
of time for determining children's PA levels.9 In this study,
only pedometers passing the shake test with a measurement
error of <5% were used to collect data.10
The study school had three 20-minute recess sessions (2 in
the morning and 1 in the afternoon) and one 60-minute lunch
break in a typical school day, as well as two 35-minute PE
classes every week. The school day was segmented according
to the school timetable and step counts were collected during
each segment. The segments are as follows: (1) before school
(the period from waking up to arriving at school, accounting for
potential active commuting or walking to school); (2) first
session (from arriving at school to the start of the 1st recess); (3)
first recess; (4) second session (from the end of the 1st recess to
the start of the 2nd recess); (5) second recess; (6) third session
(from the end of the 2nd recess to the start of lunch break); (7)
lunch break; (8) fourth session (from the end of the lunch break
to the start of the 3rd recess); (9) third recess; (10) fifth session
(from the end of the 3rd recess to the end of school); and (11)
after school (from leaving school to going to sleep, accounting
for potential active commuting and after-school activities).
Step counts during PE classes were separately recorded if a PE
class was attended on that day. Steps from each segment were
combined to generate the following variables, which are used
for data analysis: (1) total daily steps (sum of all segments); (2)
total daily steps without a PE class (only school days without
PE class were counted); (3) total daily steps including a PE
class (only school days including a PE class were counted); (4)
step counts in school (sum of all segments from 2 to 10); (5)
step counts out of school (sum of segments 1 and 11); and (6)
step counts during recess (sum of segments 3, 5, and 9).
A study briefing was provided to the participants the day
prior to data collection, in which they were instructed about
the correct wearing position of the pedometer (at their right
waist), nonwear recording periods (i.e., during showering,
bathing, swimming, or sleeping), checking step counts at
specific times during the measuring days, resetting the
pedometer every night, and reattaching it before going to
school. Participants were also instructed to accurately record
their total daily steps and to return their data logs to the in-
vestigators at school the following morning. They were
requested not to tamper with the pedometers and to go about
their normal activities during the entire period of investigation.
After the briefing, 2 consecutive trial days were conducted to
familiarize the participants with the required procedure.
Immediately following the trial days, the 4 consecutive data-
collection days (from Tuesday to Friday) began. One
research assistant was present at school for each class
throughout the school day, with the school teachers, to check
the resetting of pedometers and to record step counts in chil-
dren's logs at the required time points. Parents (or guardians)
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school and to sign their logs.
In accordance with standard anthropometric methods, the
children's height and weight were measured, during a PE class,
using a FISCO measuring tape (CMS Weighing Equipment
Ltd., London, UK) and a Tanita electronic digital scale (Model
No. HD305, Tanita Inc., Tokyo, Japan).11 Height was measured
to the nearest 0.1 cm and weight was measured to the nearest
0.1 kg. Subsequently, body mass index (BMI, kg/m2) was
calculated. According to international BMI cutoff points for
childhood overweight and obesity, the children were classified
into the normal, overweight, and obese groups based on their
BMI values.12 Children's age, sex, and travel modes (between
home and school) were also collected using a self-administered
questionnaire in the PE class. Travel modes of the participants
were classified as either active (including on foot and by bike) or
passive (including public transport and private car).Statistical analysisStudents with missing data (more than 1 segment in a
measuring day) for > 2 days were excluded from data anal-
ysis.13 For the remaining students, an individual-centered data-
replacement procedure was performed to deal with missing
step counts.13 The KolmogoroveSmirnov analysis was per-
formed to test the normality of daily step counts.14 Step counts
(each day/segment) beyond three standard deviations (SDs) of
the mean were omitted to avoid potential influences from
outliers.15 A repeated measures analysis of variance (ANOVA)
was used to compare the difference in total daily steps across
the 4 monitoring days. Because there was no significant dif-
ference across the test days, the means for daily and segmental
steps were calculated for each child (individual means for
qualified days) and used in subsequent data analysis.
Percentages, means, and SDs were calculated to describe
the distribution of the categorical and continuous variables,
respectively. Age in this study was treated as a binary variable
as the study included only children aged 10- and 11-years. A
student t test was performed to determine whether there areTable 1
Participant characteristics.a
Overall (n ¼ 68)
Mean SD Mean
Height (cm) 144.9 8.0 143.5
Weight (kg) 35.9 8.4 36.9
BMI (kg/m2) 17.2 3.9 16.9
Age n % n
10 y 37 54.4 15
11 y 31 45.6 13
Weight status n % n
Normal 56 82.4 25
Overweight þ obesity 12 17.6 3
Travel modeb n % n
Active 23 33.8 12
Passive 45 66.2 16
BMI ¼ body mass index; SD ¼ standard deviation.
a Student t tests and Chi-square tests were used to test differences in continuous
b Active travel mode included travel on foot (none of our participants traveled by bany between-group differences in daily and segmental step
counts. In the multivariable analysis, a three-way ANOVAwas
performed to estimate the marginal means and standard errors
(SEs) for daily and segmental step counts according to sex (2
levels), age (2 levels), body weight status (2 levels), and travel
mode (2 levels). A mixed model ANOVA was performed to
test the differences in daily steps by PE class (2 levels), sex (2
levels), and age (2 levels). All possible two-way and three-way
interactions were entered into the initial models and only
significant interactions were included in the final models.
To examine the contribution of segmental steps to the total
daily counts, participants were divided into the high- and low-
activity groups according to their average daily steps, which
were defined as either above or below the sex-specific daily step
median values (11,200 steps for boys and 8900 steps for girls).
A student t test was performed to compare the differences in
segmental steps between the two groups. All statistical analyses
were performed using IBM SPSS Statistics 21.0 (IBM Corp.,
Armonk, NY, USA) and a two-tailed p < 0.05 was considered
statistically significant.
Results
Of the 74 recruited participants, 68 (28 males and 40 fe-
males) completed their activity logs with an adherence rate of
92%. Table 1 shows the participant characteristics. Of these
participants, 54.4% were aged 10 years, and 45.6% were
aged 11 years. The means for height, weight, and BMI were
144.9 cm (SD ¼ 7.98 cm), 35.9 kg (SD ¼ 8.4 kg), and
17.2 kg/m2 (SD ¼ 3.9 kg/m2), respectively. Of all the chil-
dren, 17.6% were overweight or obese. Three of 10 children
(33.8%) engaged in active travel (on foot), and none traveled
by bike. Boys were more likely to engage in active travel
than girls (42.9% vs. 27.5%, p ¼ 0.048). There were no other
significant differences between boys and girls in other char-
acteristics ( p > 0.05).
The means for total daily steps in all test days ranged from
9064 to 9714 steps (SDs ¼ 3140e3471 steps), and results
from the repeated measures ANOVA showed no significantMale (n ¼ 28) Female (n ¼ 40) p
SD Mean SD
6.8 145.9 8.6 0.136
8.5 35.2 8.3 0.338
3.6 17.3 4.1 0.700
% n %
53.6 21 53.8 0.589
46.4 18 46.2
% n %
89.3 31 77.5 0.210
10.7 9 22.5
% n %
42.9 11 27.5 0.048
57.1 29 72.5
and categorical variables, respectively.
ike). Passive travel mode included travel by public transport and by private car.
Table 2
Means and SDs for daily/segmental steps by sex and age.a
Overall (n ¼ 68) Sex Age
Male (n ¼ 28) Female (n ¼ 40) p 10 y (n ¼ 37) 11 y (n ¼ 31) p
Mean SD Mean SD Mean SD Mean SD Mean SD
Total daily steps 9341 2478 10,706 2505 8382 1982 <0.001 9505 2520 9136 2455 0.561
Total daily steps by PE class
Total daily steps (without PE class) 8844 3008 9870 3091 8126 2764 0.017 9093 3024 8548 3011 0.460
Total daily steps (with PE class) 9715 3032 11,268 3262 8627 2343 <0.001 10,093 3156 9263 2863 0.264
Steps by site
Steps in school 5110 1546 5734 1706 4672 1270 0.004 5225 1674 4972 1392 0.506
Steps in recess 1304 645 1467 771 1189 521 0.081 1370 703 1224 570 0.356
Steps in lunch break 250 170 283 175 226 166 0.177 233 174 269 167 0.392
Steps in PE class 1150 566 1290 601 1052 525 0.088 1193 615 1099 506 0.497
Steps out of school 4146 1772 4842 2030 3660 1397 0.006 4259 1727 4012 1844 0.572
Steps before school 955 546 1211 604 777 424 0.001 986 612 919 461 0.617
Steps after school 3191 1595 3631 1906 2884 1273 0.057 3274 1530 3093 1691 0.646
PE ¼ physical education; SD ¼ standard deviation.
a Student t tests were performed to test differences by sex and age. Age in this study was treated as a binary variable as there were only two age groupsd10- and
11-year-old children.
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Thus, daily and segmental steps were averaged for each in-
dividual and the differences were compared by sex and age
(Table 2). The top three segments contributing to total daily
steps were steps after school (34.2%), steps during recess
(14.0%), and steps during PE class (12.3%). Step counts for all
segments during school accounted for more than half of the
total daily steps (54.7%). In each segment, boys were more
active than girls. Compared with girls, significantly higher
total daily step counts were found for boys for steps in school,
steps out of school, and steps before school ( p < 0.05). In
addition, differences in steps between boys and girls in recess,
in PE class, and after school reached marginal significance
(0.05 < p < 0.10), with higher values being observed in boys.
No significant age difference was found in step counts
( p > 0.05).
Table 3 summarizes marginal means and SEs for daily and
segmental step counts by body weight status and travel modeTable 3
Marginal means and SEs for steps/day/segment of the participants by body weigh
Weight status
Normal weight (n ¼ 56) Overweight þ
Mean SE Mean
Total daily steps 9466 312 9005
Total daily steps by PE class
Total daily step (without PE class) 9051 391 8162
Total daily step (with PE class) 9770 374 9647
Steps by site
Steps in school 5281 194 4414
Steps in recess 1364 85 1047
Steps in lunch break 257 23 227
Steps in PE class 1180 76 997
Steps out of school 4125 231 4358
Steps before school 969 69 932
Steps after school 3157 214 3425
PE ¼ physical education; SE ¼ standard error.
a Three-way analysis of variance was performed by sex, age, and body weight (or
Student t tests. No two-way and three-way interactions were significant, and there
b Active travel mode included travel on foot (none of our participants traveled by bdrawn from the three-way ANOVAs. None of the two-way or
three-way interactions reached significance, and thus none was
included in the final models. Compared with normal weight
children, overweight and obese children had slightly lower but
insignificant values for daily steps, steps in school, and steps
before school; however, for these children, slightly higher but
insignificant values for steps out of school and steps after
school were noted. This suggests that overweight and obese
children may be less active in school but more active after
school. There were no consistent findings between the active
and passive travel groups in step counts across different time
segments. The findings from the three-way ANOVA between
daily and segmental step counts and sex and age were similar
to the results of the t tests, as shown in Table 2.
In the mixed model ANOVA, the influence of PE class on
daily step counts was estimated in consideration of sex and
age. Daily steps on PE class days (marginal mean ¼ 9930
steps; SE ¼ 342 steps) were 914 (SE ¼ 375 steps), and thist status and travel mode.a
Travel modeb
obesity (n ¼ 12) p Active (n ¼ 23) Passive (n ¼ 45) p
SE Mean SE Mean SE
726 0.566 9612 502 9286 346 0.596
906 0.377 9547 606 8569 436 0.197
867 0.898 9141 576 10,068 415 0.198
451 0.086 5043 310 5188 224 0.707
197 0.150 1169 133 1387 96 0.190
54 0.613 226 36 266 26 0.371
176 0.349 1051 118 1202 85 0.309
535 0.694 4322 360 4080 259 0.590
160 0.836 848 107 1023 77 0.190
497 0.625 3474 333 3058 240 0.317
travel mode). The main effects of sex and age were similar to the results from
fore not included in the final models.
ike). Passive travel mode included travel by public transport and by private car.
Table 4
Means and SDs for segmental steps by daily activity level.a
Boys Girls
Low activitya (n ¼ 14) High activitya (n ¼ 14) p Low activitya (n ¼ 20) High activityb (n ¼ 20) p
Mean SD Mean SD Mean SD Mean SD
Steps in school
Steps in recess 1106 462 1819 906 0.019 984 365 1491 653 0.007
Steps in lunch break 284 195 290 156 0.930 251 193 240 231 0.874
Steps in PE class 1187 519 1499 626 0.180 981 468 1148 511 0.307
Steps out of school
Steps before school 953 385 1341 481 0.033 717 374 860 451 0.301
Steps after school 2722 1414 4699 1785 0.005 2242 1147 3608 1104 0.001
PE ¼ physical education; SD ¼ standard deviation.
a Student t tests were used to compare mean differences in segmental steps between the low- and high-activity groups after stratification by sex.
b Low- and high-activity levels were defined according to students' mean daily steps being below or above their sex-specific median values (11,200 for boys and
8900 for girls).
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mean ¼ 9016 steps, SE ¼ 35 steps, F(1,67) ¼ 5.96,
p ¼ 0.017]. Sex, age, and daily step differences were similar to
the previous t tests.
Table 4 presents mean differences in segmental step counts
between children with low- and high-activity levels. Step
counts of more active children (daily steps above the sex-
specific medians) in recess and after school were signifi-
cantly higher than less active children. The differences also
emerged in both sexes by 28.2e72.6% (range of mean
differences ¼ 507e1977 steps), suggesting that the step ac-
cumulations in recess and after school contributed signifi-
cantly to the daily counts. Furthermore, the difference in steps
before school reached significance between more and less
active boys (mean difference ¼ 388 steps; 40.7% higher in
more active boys compared with less active boys), suggesting
that, for boys, the period before school is a major determinant
of total daily steps.
Discussion
This study described pedometer-determined PA levels
during school days and has provided specific time-segment
information for 10- and 11-year-old Hong Kong Chinese
children. The total daily step mean was 9341 steps
(SD ¼ 2478 steps), with boys having significantly higher value
than girls (10,706 ± 2505 steps vs. 8382 ± 1982 steps;
p < 0.001). Body weight status and travel mode were not
significantly associated with daily and segmental step counts,
although a marginally significant higher value was found for
steps accrued in school for normal weight children compared
with overweight or obese children (5281 steps vs. 4414 steps,
p ¼ 0.086). The top three time segments that contributed to
total daily steps were steps after school (34.2%), steps in
recess (14.0%), and steps in PE class (12.3%). The former two
segments demonstrated the greatest contribution to daily steps
for both sexes.
In this study, the mean daily steps of our sample was 10,706
steps (SD ¼ 2505 steps) for boys, 8382 steps (SD ¼ 1982
steps) for girls, and 9341 steps (SD ¼ 2478 steps) overall,
which is much lower than those observed in previous studies.In Western countries, 12,546e18,346 steps/d and
10,479e14,825 steps/d have been reported for boys and girls,
respectively,16e25 which is 17.1e76.9% higher than that
observed in the current study. Beets and colleagues26 reviewed
43 articles, which were published before April 2009, and
found considerable variation across 13 countries, with children
from European and Western Pacific regions recording signif-
icantly more daily steps than their Northern American coun-
terparts. Studies among Asian populations are scarce, although
a recent Singaporean study reported daily mean steps of
12,830 for boys aged 7e12 years, which is 19.8% higher than
the male participants in the current study.27 Girls in the Sin-
gaporean study had a mean for daily step counts of 8767,
which is also lower than that reported by girls in the current
study. This variation across these studies cannot be explained
by variations in data-collection procedures alone.26 Further-
more, previous studies using PA measures other than pedom-
eters, such as questionnaires, observation techniques, and
accelerometers, have also revealed lower PA levels among
Hong Kong children compared with other countries and
regions.28e30 This suggests that Hong Kong children may be
one of the least-active child populations in the world. It is,
therefore, imperative to improve PA levels in this population.
Globally, physical inactivity is the fourth leading risk factor
of death, after high blood pressure, tobacco use, and high
blood glucose.1 PA levels have been continually decreasing in
many countries, due to urbanization and modernization, and
this decline has major implications, such as the growing
prevalence of noncommunicable diseases as well as for the
general health of the population. Recently, WHO revised the
PA for health recommendations and suggested that children
aged 5e17 years should engage in at least 60 minutes of
MVPA every day. Because pedometers cannot directly mea-
sure the time spent in MVPA, attempts have been made to link
the pedometer-based daily step counts with the WHO rec-
ommendations.31 Tudor-Locke et al32 conducted secondary
analysis on an international data set, collected from the United
States, Australia, and Sweden, and recommended a PA cutoff
point of 15,000 steps/d for boys and 12,000 steps/d for girls,
respectively. Using these criteria, the daily mean steps in the
current sample fell short by 28.6% for boys and 30.2% for
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averaged 12,012 steps/d; however, none of the boys met the
recommended step counts. Considering that the recommended
daily steps are based on white child populations, it may not be
suitable to directly apply these criteria to the Chinese partic-
ipants in our study.32 Therefore, it is suggested that future
studies should determine the appropriate pedometer-based, PA
cutoff points for Asian children to recommend the correct
level of health-promoting PA.
Consistent with most previous studies, boys in the current
study accrued significantly more daily steps in all distinct
periods than girls.16e25 Steps accrued after school, in recess,
and in PE classes were major sources of daily PA levels, which
is in line with other studies.22,33,34 After school, a period of
about 6e8 hours is a free-living period, which provides an
important opportunity to encourage children to participate in
more activities. In this study, the absolute contributions of PE
classes and recess to the daily steps counts (12.3% and 14.0%,
respectively) were similar to previous studies (18.0% and
13.0%, respectively). Therefore, educators may utilize this
period during school to focus on modifying children's PA
behaviors.19,35 However, the participants in the current study
took fewer steps during lunch break [283 steps (2.6% of daily
steps) for boys and 226 steps (2.7% of daily steps) for girls].
This is inconsistent with previous studies, which found a
contribution of up to 68% of children's recommended daily
MVPA for this period.23,33,34,36 School culture and school
policy may play a role in this marked difference. For example,
in most Hong Kong primary schools, including the school in
this current study, students are requested to stay in their
classrooms during the lunch break, and running or even fast
walking is regarded as misconduct.37 In addition, the relatively
short lunch break in local Hong Kong schools (i.e., 30 minutes
from 12:30 PM to 13:00 PM in the study school) may also
partly account for the fewer step counts.37
Although overweight and obese children accrued fewer
steps than those with normal weight during most of the seg-
ments, no significance was found among these comparisons,
which may be, at least partly, due to the small sample size
(n ¼ 68), resulting in insufficient power. Interestingly, over-
weight and obese children accrued 10% more steps than their
normal weight counterparts after school (3425 steps vs. 3157
steps; Table 3), suggesting that overweight and obese children
may be more active after school. One possibility could be that
parents of overweight or obese children may be aware of the
importance of PA for their children's health and may have
made attempts to improve their children's PA levels. However,
further large-scale studies are needed to confirm this finding.
Hohepa et al38 found that active travel to and from school
significantly contributed to more daily steps in high-school
students in Auckland (13,308 steps in walkers vs. 10,986
steps in car transit users). However, the current study failed to
observe a similar relationship (Table 3). Besides the small
sample size, a possible explanation is that the travel mode may
not be a major determinant of PA levels in our sample. The
majority of primary school children in Hong Kong travel by
school bus rather than walking unless their homes are locatedin close proximity to school. In general, children taking the
school bus (as well as those taking other public transport) have
to walk to the neighborhood pick-up stations. Thus, the steps
taken between school and home may not differ much between
children taking either active or passive travel modes. Unfor-
tunately, children were not asked how long they walked to or
from school, and therefore this study was unable to answer this
particular hypothesis. Further studies should collect such in-
formation to confirm the relationship between transport mode
and daily steps.
We compared steps across the measured time segments
between children with low- and high-activity levels. This was
done according to their daily steps being lower or higher than
the sex-specific medians. Based on this analysis, it was found
that recess and after school were the two critical periods in
which the children were more active. For example, more
active boys accrued 76.9% more steps after school than their
less active counterparts (4699 steps vs. 2722 steps; Table 4).
This finding may have important implications for improving
PA levels in less active children. Further studies should iden-
tify the determinants of the discrepancies in recess and after
school to provide scientific evidence for the development of
effective interventions to improve children's PA levels.
The current findings should be interpreted with caution. First
of all, this study has encountered similar limitations to other
investigations using pedometers to measure children's PA
levels.23,26,33 For example, pedometers cannot directly capture
the intensity of PA. In addition, pedometers do not have the
ability to measure time spent in MVPA, and therefore no firm
conclusions can be made as to whether children reached the
recommended daily PA levels or not. Second, this is a small-
scale investigation (n ¼ 68) and participants were selected
from a single grade of one primary school. This population is,
therefore, not representative of the wider child population,
which may affect the generalizability of these findings. Selec-
tion bias may be another major threat to our results, as both age
and school factors have been known to influence childhood PA
levels. Further research should be conducted in larger repre-
sentative samples across multiple schools, covering all grades
to confirm the current findings. In addition, the step counts
taken outside school were recorded by the parents of the par-
ticipants instead of the well-trained researchers. Thus, mea-
surement bias may exist and threaten our results. Finally, PA
levels during the weekend days were not monitored, and in
previous studies, significantly more daily steps have been found
during the week compared with weekend days suggesting that
our findings might have been upwardly biased.21,26
In conclusion, compared with other countries, children in
Hong Kong are less active based on pedometer-determined PA
levels. Boys accrue significantly more steps than girls in daily
step counts and at most periods during the school day, with
after-school step counts contributing most toward daily step
counts. Recess and after school emerged as two critical win-
dows of opportunity, which can be used to enhance PA levels
in both boys and girls. Our findings provide a better under-
standing of PA patterns and the relative contribution of the
distinct time segments within a school day to PA in Hong
48 Y. Gao et al. / Journal of Exercise Science & Fitness 13 (2015) 42e48Kong children. However, future large-scale studies should be
conducted to confirm these findings.
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